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1	Introduction
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows: 
· Extend specification support in the following areas [RAN1]
…
· Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
       …


During Rel-15 and Rel-16, SRS has been considered as essential RS for beam management or channel estimation. Compared with LTE, more flexible configuration of SRS is supported and SRS sweeping for gNB’s rx beam adjustment is supported. But counting the importance of SRS, SRS may need further enhancement such as coverage extension, and enhancements on SRS operation were approved in RAN#86 as part of the further enhancements on MIMO WID [1]. The objectives for the SRS enhancements are stated as follows [1]
In this contribution, we discuss possibly approaches to improve SRS performance and provides reasons why SRS performance enhancements are needed in Rel-17. 
2	Discussion on SRS Enhancements 

2.1	More flexible triggering of SRS
In Rel-15, SRS can be configured as source of PUSCH beam indication. Which means SRI (SRS Resource Index) indicates UL beam to be used for PUSCH transmission. To support faster UL beam management, in Rel-16, MAC CE based update of SRS spatial relation info is agreed. So based on Rel-15/16, SRS should be able to support sufficiently frequent and efficient way of UL sounding to let gNB select proper UL beam. 
As way of improvement, we suggest flexible and adjustable time offset at aperiodic SRS triggering which means the offset between triggering of aperiodic SRS and transmission of aperiodic SRS can be flexible. Since SRS triggering DCI can be delivered with UL/DL grant only, with the current specification, UE’s SRS transmission can happen only on a limited slot which rely on PDSCH/PUSCH scheduling of gNB. This means UEs does not have instant data to transmit or receive, gNB has limited chance of sounding since UE may transmit periodic SRS only. In LTE, such limitation would not be a significant issue since SRS was only for CSI measurement. But in NR, SRS should support UL beam management, and it should also be possible to support more dedicated SINR or interference measurement, since high gain beams can be easily suffered by strong intra-cell interference. For example, if gNB wants to check the possible interference between two UEs, gNB should be able to trigger simultaneous SRS transmissions from those UEs, hopefully without causing any PDSCH/PUSCH scheduling issues. So we may have two options how to solve this issue, either support flexible time offset of aperiodic SRS, or enable to trigger aperiodic SRS without DL/UL grant. 
The first option would not be a new concept since LTE also has autonomous delaying of aperiodic SRS transmission. In TDD LTE, UE has limited chance for UL transmission defined as UL slot, and according to the TDD configuration, aperiodic SRS should have different time offset since the interval between DL slot and UL slot can be different per TDD configuration. 
The second option may need to introduce new DCI format of extension of legacy DCI formats e.g, extension of group based DCI which is the only DCI not delivering DL/UL grant in the current spec. We suggest to consider flexible time offset first, but we also think other enhancement can be considered for further improvement. For the flexible time offset, we support both RRC configured and L1 signal based adaptation.
Proposal 1: Support flexible time offset of aperiodic SRS triggering and transmission 
Proposal 2: Consider further enhancement for flexible triggering and transmission of aperiodic SRS 

As one aligned discussion in Rel-17, in the context of CSI enhancement for FDD partial channel reciprocity, SRS configuration and transmission harmonized with CSI-RS can be considered. In order to obtain reliable estimates of angles/delays from SRS measurements, there is a need to configure suitable SRS resources and ports in a large enough BWP and to be able to associate their transmission with the triggering of reciprocity-aided CSI reports. Thus, efficient mechanisms to configure and trigger SRS transmission jointly with reciprocity-aided CSI reports may need to be studied to reduce the resource occupation and UE power consumption as much as possible and the reduce the number of trigger states.
Proposal 3: Consider efficient mechanisms to configure and trigger wideband SRS transmission jointly with reciprocity-aided CSI reports

2.2	SRS Enhancements for Antenna Switching
As TEI of Rel-15, relaxation on number of ‘T’ and ‘R’ is agreed that UE can be configured with SRS antenna switching where less tx or rx antenna than UE’s capability can be configured for SRS antenna switching. While the benefits of SRS antenna switching for DL beam or channel measurement are clear, companies raised concerns that sometimes SRS antenna switching without flexible configuration can cause unnecessary UR energy consumption and gNB side complexity for DL beam/channel measurement. 
Similar to those observation, as UE’s implementation or gNB’s operation goes more complex, SRS antenna switching may case already observed issues if no further flexibility on SRS antenna switching is supported. First of all, as more antennas are expected to be implemented on UE side, SRS antenna switching should be able to support more ‘T’ and more ‘R’ via RRC configuration. The number of supported ‘T’ and ‘R’ should be harmonized with preferred UE antenna implementation also. For example, if 3 panels on UE are expected to happen, then SRS antenna switching should be properly configured not to cause any performance degradation with such specific configuration. 
Observation 1: SRS antenna switching should be configured to support specific implementation of UE antenna such as number of panel or number of antenna elements per panel

We suggest to include below configuration as baseline:
Proposal 3: In addition to Rel-15 configurations of SRS antenna switching, support any combination of T={1, 2} and R={1, 2, 4, 6} except {T=2, R=1} as Rel-17 SRS antenna switching configuration.

For larger ‘R’ we may need to check the latency of SRS antenna switching to see what is the proper number of ‘T’.
Proposal 4: For R>6, supported number of ‘T’ should be check with the impact of channel aging. 

In Rel-15 and 16, SRS resource can be configured up to 4 symbols per slot, and number of SRS resource set to be configured for SRS antenna switching was defined based on the number of required SRS resources and configured SRS resource per slot. Based on the same concept, since more ‘R’ can be configured with the same number of ‘T’ and the same number of SRS resources per slot supported in the current spec, Rel-17 needs to support more of SRS resource sets to be configured for SRS antenna switching. We suggest to support up to 4 SRS resource sets for SRS antenna switching as baseline. 
Proposal 5: Support more than 2 SRS resource sets, e.g., {1, 2, 3, 4} SRS resource sets for SRS antenna switching.

As another feature then discussed above, Rel-17 SRS design should consider implementation of multiple UE panels where the latency for panel switching is not clear yet, and should consider more than 4 SRS resources per slot. For example, if 2T8R is configured for a UE with two UE panels, as simple assumption, first 2 transmissions of SRS would be performed via first UE panel, then last 2 transmissions of SRS would be performed by second UE panel. In this case, though 4 SRS resources are required for SRS transmission, depending on the guard period of UE’s UL panel switching, the number of required OFDM symbol for SRS antenna switching or the exact configuration of SRS for antenna switching can be totally different. So further flexible configuration of SRS resource and SRS resource set are required for Rel-17 SRS antenna switching. However, SRS antenna switching over multiple UE panels should be beneficial not only for DL CSI acquisition, but also for fast UE panel selection. 
Proposal 6: Supports SRS antenna switching over multiple UE panels 
Proposal 7: Support SRS antenna switching together with UE’s UL panel switching

[bookmark: _GoBack]2.3 	Possible enhancements for SRS Capacity and Coverage 
Insufficient UL coverage is an issue continuously discussed for NR. To compensate the difference on DL/UL coverage, various features were discussed, but none of them was dedicated for SRS enhancement. Unlike NR, for LTE, SRS enhancement was discussed during Rel-16, and further enhancement was achieved in a perspective of capacity and coverage. So as starting point, we propose to consider the transmission of SRS extended over multiple symbols as starting point. 
Proposal 8: Support SRS coverage enhancement by extending legacy SRS transmission over multiple symbols.

The extension of SRS over multiple symbols should aim to achieve SNR gain and possibly SINR gain. While SNR gain can be easily achieved via simple repetition of SRS transmission and combining, SINR gain may request more complicated form of extension such as sequence hopping per OFDM symbol. As starting point, we propose to consider simple extension as repeated SRS transmission over multiple symbols where the configurations are not changed. 
Proposal 9: As starting point, consider simple repetition of SRS transmission over multiple symbols where the configurations of SRS resources are not changed over symbols.

 We also suggest to utilize NR-U SRS configuration scheme which allows SRS to be configured in any symbol within the slot so the SRS capacity can be achieved. 
Proposal 10: SRS can be configured in any symbol of slot except possible PDCCH region. 

Via offline discussion, companies shared views on the purpose and settings of SRS evaluation. Since the WID clarifies that the evaluation of SRS aims to check capacity and coverage extension, we suggest to focus on UL performance only during the evaluation. 
Proposal 11: Focus on UL performance first for the evaluation of SRS performance

3	Conclusions
In this contribution we discuss the reason any possible way of SRS enhancement. Here are list of proposals we suggest 
Proposal 1: Support flexible time offset of aperiodic SRS triggering and transmission 
Proposal 2: Consider further enhancement for flexible triggering and transmission of aperiodic SRS 
Proposal 3: In addition to Rel-15 configurations of SRS antenna switching, support any combination of T={1, 2} and R={1, 2, 4, 6} except {T=2, R=1} as Rel-17 SRS antenna switching configuration.
Proposal 4: For R>6, supported number of ‘T’ should be check with the impact of channel aging. 
Proposal 5: Support more than 2 SRS resource sets, e.g., {1, 2, 3, 4} SRS resource sets for SRS antenna switching.
Proposal 6: Supports SRS antenna switching over multiple UE panels 
Proposal 7: Support SRS antenna switching together with UE’s UL panel switching
Proposal 8: Support SRS coverage enhancement by extending legacy SRS transmission over multiple symbols.
Proposal 9: As starting point, consider simple repetition of SRS transmission over multiple symbols where the configurations of SRS resources are not changed over symbols.
Proposal 10: SRS can be configured in any symbol of slot except possible PDCCH region. 
Proposal 11: Focus on UL performance first for the evaluation of SRS performance
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